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Background 
 
Health data are collected routinely through electronic medical records (EMRs) for clinical and 
administrative purposes. EMR data are also being used for a variety of secondary purposes, such 
as research, disease surveillance, quality improvement, and policy decisions (Hersh, 2007; 
Safran et al., 2007). Because these data are not primarily captured for these purposes, there may 
be issues that limit the utility of EMR data, such as non-participation bias, generalizability, and 
variation in data quality (Bibb, 2007).  
 
When using EMR data for surveillance or epidemiology, two groups need to be defined and 
operationalized: a numerator (individuals with the condition) and a denominator (all individuals 
at risk for the condition under study). EMR data from primary care settings are a sample of the 
total population, in that only those who actively seek care from their primary care provider are 
included in these data (Atlas et al., 2006; Bartholomeeusen, Kim, Mertens, Faes, & Buntinx, 
2005; Birtwhistle & Williamson, 2015; Canaway et al., 2019; Gentil et al., 2017; Greiver et al., 
2013; Haller et al., 2013; Manitoba Centre for Health Policy Evaluation & Menec, 2000). 
Methods used to define practice populations, therefore, need to carefully consider both active 
and less frequently active patient populations to fully capture the population at risk.   
 
The aim of this work is to identify and recommend a data-informed method(s) for appropriately 
defining a patient denominator in the Canadian Primary Care Sentinel Surveillance Network 
(CPCSSN) database. This is a pan-Canadian initiative that captures de-identified patient 
information from primary care EMRs, which is then made available for secondary purposes; a 
more detailed description can be found elsewhere (Garies, Birtwhistle, Drummond, Queenan, & 
Williamson, 2017). 
 
Objectives 
 

1. Examine which tables within the CPCSSN database should be used to define a patient 
contact.  

2. Explore various patient contact definitions for use in the CPCSSN database and compare 
across patient demographic and clinical characteristics. 

 
Methods 
 
We conducted a literature search to identify methods used to define denominators in other 
similar primary care EMR databases internationally and to situate CPCSSN within the current 
context. A list of global primary care EMR databases was obtained from a previously published 
article on EMR data collection projects (Gentil et al., 2017). For each of the databases with a 
website available, a literature search was conducted for published material between the years 
2000 - 2020 using keywords such as denominator, prevalence, practice population, yearly 
contact group (YCG) and defining a practice population.  
 
To assess Objectives 1 and 2, we used national CPCSSN data from the 2019-Q4 extraction cycle 
(data up to December 31, 2019). This included 11 networks, 11 EMR systems, and 1,851,771 
patients. The reference table for comparison was the Patient table, which represents all patients 
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in the CPCSSN database who have been assigned a Patient ID. No additional filtering was 
applied, such as patient EMR status. 
 
In order to explore which tables in the CPCSSN database should be used to count a patient 
contact, a comparison of the proportion of patients captured within relevant tables with the total 
number of patients found in the Patient table was presented using heat maps. The tables under 
examination were compared by regional network and by EMR system. 
 
Various definitions for a patient denominator specific to the CPCSSN database were constructed 
and assessed using four temporal components – patient contact within one year, two years, three 
years, and five years (1YCG, 2YCG, 3YCG and 5YCG respectively) before the extraction end 
date of December 31, 2019. These definitions were compared between different patient 
demographics (median age, sex, and urban residence) and several health conditions 
(hypertension, depression, herpes zoster, CKD, diabetes and pediatric asthma). 
 
Lastly, various patient denominator definitions in the CPCSSN database were compared to 
national and provincial census population data from Statistics Canada by age band and sex. This 
was performed to assess which denominator definition best reflects the broader Canadian 
population. 
 
We chose not to investigate the effect of multiple contacts within a given year or over multiple 
years. This was because of the challenges associated with identifying records in separate tables 
as being part of the same patient-provider encounter. For instance, the Encounter table may 
indicate a patient requested a visit for a prescription refill on Dec 12, 2020, but the Medication 
table may reflect a record for the prescription that was created on Dec 13, 2020. Although this is 
the same healthcare encounter or contact, the two dates would be counted as separate contacts if 
one does not have other means of grouping these records. 
 
Results 
 
Examples of denominator definitions used in primary care EMR databases globally  
 
Based on published literature, it was evident that networks with information about the whole 
practice population due to the structure of their health care system (e.g., mandatory rostering or 
registration of patients) and EMR/EHR data collection process did not experience significant 
issues in defining their patient denominator (however, not all patients in the country would be 
represented, such as institutionalized individuals) (de Borst, Nielen, Verheij, & Schellevis, 2011; 
Maarsingh et al., 2010; Spronk et al., 2019). In networks or countries that only have information 
about individuals that sought medical care during a given period, the denominator was usually an 
estimated practice population determined by external registries such as claims, census or 
insurance data adjusted for factors such as age, sex, region and socioeconomic status 
(Bartholomeeusen et al., 2005; de Hoyos-Alonso, Bonis, Tapias-Merino, Castell, & Otero, 2016; 
Greiver et al., 2013; Haller et al., 2013; Truyers, Goderis, Dewitte, vanden Akker, & Buntinx, 
2014; van den Akker et al., 2019; Van den Bruel, Bartholomeeusen, Aertgeerts, Truyers, & 
Buntinx, 2006). Other methods explored statistical modelling to estimate a practice population or 
used recorded visits without further adjustments (Abbing-Karahagopian et al., 2014; Honeyford, 
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Baker, Bankart, & Jones, 2014; Lasko, Atlas, Barry, & Chueh, 2006). Further information on the 
specific methods used by different networks can be found in the supplementary information 
(Table 1).   
 
Greiver et al. (2013) developed a method to estimate practice denominators within the context of 
CPCSSN. The study team obtained primary care utilization information from the Canadian 
Community Health Survey (CCHS) to develop age- and sex-specific correction factors (Greiver 
et al., 2013). These correction factors were applied to the CPCSSN practice population to 
estimate a corrected yearly contact group (Greiver et al., 2013). This method was validated using 
a rostered subset of the CPCSSN population (Greiver et al., 2013).   
 
Similarly, a team from Manitoba developed multiple practice population definitions based on the 
health care utilization patterns for a given period of time using administrative data on ambulatory 
care visits (Manitoba Centre for Health Policy Evaluation & Menec, 2000). They developed 
various utilization cut-off marks to classify a patient to a given practice (e.g., 75% majority-of-
care) and examined the variations to the practice population with varying definitions (Manitoba 
Centre for Health Policy Evaluation & Menec, 2000). The group did not recommend a specific 
cut-off mark for utilization since they observed variations in the practice population depending 
on the cut-off due to factors such as rurality (Manitoba Centre for Health Policy Evaluation & 
Menec, 2000). However, they recommended using a contact period of at least two years, since a 
one-year contact period failed to capture the majority of patients, specifically for rural practices 
(Manitoba Centre for Health Policy Evaluation & Menec, 2000). They did not observe a 
difference between defined practice populations when two vs. three-year contact periods were 
used (Manitoba Centre for Health Policy Evaluation & Menec, 2000).    
   
Objective 1 – Defining a primary care contact within the CPCSSN database 
 
Figure 1 visualizes the proportion of all patients by regional networks who have information in 
one (or multiple) of four relevant tables within the EMR – Encounter, Encounter Diagnosis, 
Medication and Billing. Figure 2 displays the same information but by type of EMR systems 
instead of regional networks. These two figures are interrelated, in that the EMR type is heavily 
associated with the regional network. 
 
We observed that these four tables individually were not sufficient to account for all patient 
encounters within the CPCSSN database. Using either all four tables (Encounter, Encounter 
Diagnosis, Billing, Medication) or three tables (Encounter, Billing, Medication) resulted in more 
than 98.0% of patients being accounted for among all EMR systems or networks combined. 
Using all possible tables in CPCSSN resulted in 100% of all patients being accounted for, a 2.0 
percentage point increase when compared to using a four or three table definition as described 
above. Characteristics of the 2% of the population that was not captured by the four tables 
mentioned above can be found in the supplementary information (Table 2).   
 
Objective 2 – Variations in clinical and demographic characteristics based on the patient 
denominator definitions used   
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Figures 3-7 summarize the proportion of patients who had a healthcare encounter or contact 
recorded in the CPCSSN database according to 1YCG, 2YCG, 3YCG and 5YCG time frames. 
 
When the proportion of patient contacts captured within various tables by EMR type was 
examined, it was evident that using a 5YCG will capture the highest proportion of patients. This 
was especially true for patients attending practices using the Purkinje EMR system (Figure 3), as 
they stopped providing new data to CPCSSN as of June 30, 2017. A narrower 1YCG or 2YCG 
excluded approximately 40% of patients that existed within the CPCSSN database. 
 
Figures 4 and 5 represent the difference in the median age and percentage of females 
(respectively) from the total sample of patients in the CPCSSN database. It was evident that 
within the 1YCG, more older adults sought care from their primary care providers (the 1YCG 
median age was 3 years above the total median age). However, the 2YCG and the 3YCG were 
only slightly older (1 year above median age) and included a higher proportion of patients 
compared to a 1YCG. The 1YCG had the highest proportion of females (2.0% above the total 
proportion of females), whereas negligible differences were observed for the 3YCG (0.5% 
above) and 5YCG (0.2% above).  
 
Figure 6 shows the differences in the proportion of urban patients by region; differences by time 
frame were minimal (e.g. a reduction in the proportion of urban patients by 0.5% within a 1YCG 
and a reduction by 0.7% for all other YCG periods were observed).  
 
Figure 7 demonstrates how the prevalence of select conditions changes due to differing contact 
group timeframes. All conditions (except pediatric asthma) showed a marked decline in 
prevalence with increasing time periods (1YCG to 5YCG). This trend was most evident for 
depression and hypertension. 
 
Figure 8-15 compares the various contact group timeframes of patients in a primary care sample 
to the general Canadian population using census data. The proportions of individuals captured by 
CPCSSN was higher for the 65 plus age group and lower for the zero to 24 years old age group 
when compared to the Statistics Canada reference standard. Additionally, males were also less 
represented in the CPCSSN population for the majority of the age groups. These trends were 
most evident when using 1YCG and All CPCSSN denominator definitions. The 
representativeness of the CPCSSN population to that of the Canadian census population typically 
increased when using 2YCG, 3YCG and 5YCG, respectively, with the percentage point 
differences between the age-stratified CPCSSN and census populations being no more than ±3.5. 
However, the CPCSSN population deviated more from the census population when data were 
stratified by provincial levels.  
 
The advantages and disadvantages of using different methods are outlined in Table 1.  
 
Discussion 
 
Denominator definitions used in primary care EMR databases globally  
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A number of methods were used in various countries to determine a denominator for clinical 
health data. Most prominent was the use of external registries such as claims, insurance or census 
to adjust for age, sex, race/ethnicity, SES and other characteristics of the practice population to 
that of the general population (Bartholomeeusen et al., 2005; Boyle, Rockhold, Mitchell, & 
VanHorn, 1977; Casey, Schwartz, Stewart, & Adler, 2016; Greiver et al., 2013; Haller et al., 
2013; Truyers et al., 2014; van den Akker et al., 2019; Van den Bruel et al., 2006). Some authors 
also suggested an additional inactive category which could either be removed or analyzed in 
population estimates (Boyle et al., 1977; Casey et al., 2016; de Hoyos-Alonso et al., 2016). Other 
methods included using crude numbers, number of practices, number of consultations, yearly (or 
quarterly) contact groups (YCGs), practice populations (PPs) and the total population in a 
geographical area (Abbing-Karahagopian et al., 2014; de Borst et al., 2011; Honeyford et al., 
2014; Lasko et al., 2006; Maarsingh et al., 2010; Manitoba Centre for Health Policy Evaluation 
& Menec, 2000; Rassen, Bartels, Schneeweiss, Patrick, & Murk, 2019; Schlaud, Brenner, 
Hoopmann, & Schwartz, 1998; Spronk et al., 2019). Each method was associated with its own 
advantages and limitations. The variations in the health systems around the globe, how data were 
collected, and the type of data available introduced new challenges into how denominators could 
be defined and estimated within the CPCSSN data.  
 
Initially, CPCSSN first trialled using a correction factor method, then moved to a 2YCG for most 
epidemiological reporting (Greiver et al., 2013). The correction factor was found to slightly over-
estimate the proportion of females but was otherwise representative of the rostered patient 
population. One limitation in using this method was the dynamic nature of primary care 
utilization over time, which meant that the correction factors required regular updating. The 
2YCG strategy proposed by the Manitoba Centre for Health Policy Evaluation and Menec (2000) 
was adopted within CPCSSN more recently due to its simplistic approach, though this method 
was developed using administrative data from the late 1990s. We undertook this current 
investigation of different denominator methods in order to update these recommendations and 
base our decision on recent, relevant data.  
 
Objective 2 – Defining a primary care contact within the CPCSSN database 
 
Selecting the CPCSSN tables: We examined the use of one table, a combination of multiple 
tables or all CPCSSN tables. One table was insufficient to capture an adequate number of 
patients; we found that the use of four tables (Medications, Encounter Diagnosis, Encounter and 
Billing) would account for more than 98.0% of all possible CPCSSN patients being present in 
the denominator.  
 
There were significant differences observed in the proportion of patient data found in various 
tables between EMR systems. For example, the CPCSSN data for several EMRs (Purkinje, 
Medesync, Practice Solutions) and networks (4, 6, 7) had no or very few patient records in 
certain CPCSSN tables (Figures 1 and 2). This may be due to a lack of fields or tables in the 
source EMRs (e.g., Practice Solutions EMR does not use the concept of an encounter diagnosis, 
so has no such table); additionally, there were no current extractions available from the Purkinje 
EMR. Instead, an older data extraction, from 2017, has been reused and merged with more recent 
data from other networks. 
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A closer examination of the patients that were excluded by not accounting for all CPCSSN tables 
showed marked differences based on the EMR system and network. Further, information 
regarding sex in this population was also missing at a higher percentage (6.2%) when compared 
to the general missingness of the sex variable in CPCSSN data (~0.2%). This raises data 
quality/extraction issues related to the population not captured when only four CPCSSN tables 
are used to generate the population denominator.   
 
Using appropriate date fields: The “date created” variable represents the date that the record or 
entry was made in the EMR and this was the date field found most consistently in the majority of 
EMR systems and EMR tables. In CPCSSN, this is labelled as DateCreated. While it usually 
corresponds to the date on which the encounter took place, the record is sometimes entered one 
or even several days later. Occasionally, it may be missing entirely. For billing and encounter 
data tables, two other CPCSSN date fields are better indicators of when an encounter took place 
and are also more frequently populated. These are the billing service date and encounter date and 
were used to define time periods in the contact group definitions. Where they were unpopulated, 
DateCreated was used instead. Since other tables lack such alternative date fields that are 
comparable to EncounterDate or ServiceDate, the DateCreated field was used for all other tables. 
 
In actuality, the use of ServiceDate and EncounterDate over DateCreated only added on the 
order of 1% to the numbers of patients in the contact groups studied here. However, for research 
where the precise date of an encounter matters or patient counts need to be maximized, the 
CPCSSN data user is advised to be mindful of the underlying information presented by different 
date fields and to differentiate the use of these additional date fields. 
 
Objective 2 – Variations in clinical and demographic characteristics based on the patient 
denominator definitions used   
 
Based on YCGs: While previous epidemiology and analysis using the CPCSSN data have used a 
2YCG, this method was adopted based on the best available Canadian-based evidence at the 
time. However, until now CPCSSN did not undertake a detailed analysis of its own data holdings 
to verify whether or not the chosen method was maximizing CPCSSN's ability to formulate a 
suitable and reproducible practice denominator (Birtwhistle et al., 2015; Drummond et al., 2016; 
Godwin et al., 2015; Greiver et al., 2014; Morkem, Handelman, Queenan, Birtwhistle, & Barber, 
2020; Queenan, Farahani, Ehsani-Moghadam, & Birtwhistle, 2018). For this work, we 
considered four yearly contact group periods: 1YCG, 2YCG, 3YCG and 5YCG. The results 
showed that with increasing contact period, the percent of all patients captured within the 
denominator increased as well. Even though a narrow 1YCG, 2YCG or a 3YCG captured a 
lower percentage of patients that existed within the CPCSSN database, these YCGs are more 
likely to reasonably identify a current patient population; a population that has visited the 
practice more recently. In contrast, a wider 5YCG will likely capture patients who have not 
recently been to the practice and thus could be inactive or no longer with the clinic. When 
compared to the general population, it was observed that a 1YCG captured more females as well 
as an older population and higher disease prevalences. A 2YCG had a balanced female to male 
ratio, a balanced median age and had a reasonably expected disease prevalence (a balance 
between the high prevalence in 1YCG and the low prevalence in 5YCG); this was similar in the 
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3YCG. However, a study of rare diseases may require a larger contact group to capture more 
patients (e.g., 5YCG).  
 
Representativeness of CPCSSN compared to the general population: Regardless of the 
denominator definition used, the CPCSSN database included a higher proportion of individuals 
in the 65+ age group (for both males and females) and females in the 25 to 64 age groups 
compared to the Canadian census. The higher proportions of older and female individuals within 
CPCSSN were observed consistently across all denominator definitions but were most prominent 
in the 1YCG and when using all CPCSSN patients. As the contact period increased from 2YCG 
to 5YCG, the CPCSSN data typically became more representative of the Canadian population. 
However, differences in age/sex proportions of the CPCSSN population when compared to the 
Canadian census population were no more than ±3.5 percentage points.  
 
At a provincial level, we observed that when individual CPCSSN networks were compared to 
their province-specific census data, the CPCSSN population deviated more from the Canadian 
population than what was observed when using national CPCSSN data. 
 
Recommendations for the denominator in CPCSSN 
  

1. We recommend the use of the following four relevant tables to determine a patient 
contact, due to the simplicity and their ability to capture a large percentage of patients 
within the CPCSSN data: 

● Encounters 
● Encounter Diagnosis 
● Medications 
● Billing 

2. We recommend the use of a table-dependent date field to capture a higher proportion of 
the total patients within the CPCSSN database: 

● ServiceDate in the Billing table; if empty, use DateCreated 
● EncounterDate in the Encounter table; if empty, use DateCreated 
● For all other tables, use DateCreated 

3. We recommend the use of a 2YCG or 3YCG for most chronic disease epidemiology and 
research since this captures a patient population that has visited the practice relatively 
recently (compared to a 5YCG) and is representative of the CPCSSN and the general 
Canadian population in terms of age and sex (compared to the 1YCG).   

 
It should be noted that the ‘best’ definition or the most suitable choice for a denominator will 
also depend on the purpose of the research study in question. Considerations should be given to 
the method that captures the most ‘total’ patients, as well as the most ‘representative’ sample. 
Therefore, we advise the CPCSSN data user to refer to Table 1 of this report that outlines the 
advantages and disadvantages of using each denominator definition method.  
 
Future Work 
 
CPCSSN is a network consisting of multiple regional networks across Canada and regional 
CPCSSN data managers are responsible for local data extraction and cleaning. As a result, we 
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observed some variation by regional network and by EMR system. In order to utilize national 
CPCSSN data, there needs to be a clearer understanding of how the data are extracted and 
populated into the CPCSSN tables, both within a regional context (e.g., extraction and cleaning 
processes) and by different EMR systems (e.g., availability of different data fields). This will 
allow for appropriate recommendations accounting for variations within CPCSSN data. In this 
report, we observed that the most appropriate contact group definition also depended on the 
nature of the research question or the chronic disease under investigation. Therefore, future 
CPCSSN data quality work should also focus on adding one or more contract group tables to the 
CPCSSN data and giving the researcher the option to select a CPCSSN generated contact group. 
Adding these will simplify the use of CPCSSN data by eliminating the contact group creation 
process for many classes of research questions. Alternatively, the use of open source code for 
generating various YCG would allow users to easily and consistently produce a denominator of 
their choice using appropriate dates and tables. 
 
Limitations 
 
A major limitation in our study is the suitability of using this contact group definition for 
regional CPCSSN data. There were significant variations that existed by regional network and by 
EMR system. Due to these variations, these recommendations are only for the combined national 
CPCSSN data and may not be appropriate for a single network or EMR type. Furthermore, this 
study does not consider variations in the types of visits (e.g., physical examinations, laboratory 
visits) nor the EMR status of a patient when defining a patient denominator. As such our patient 
population could include inappropriate visits based on a study purpose or inactive or deceased 
patient groups.   
 
Conclusion 
 
In this study, we examined the appropriateness of various denominator definitions to be used for 
CPCSSN data. Based on results from this study, we found the use of 2YCG or 3YCG created 
using table appropriate date variables with data from CPCSSN Encounters, Encounter Diagnosis, 
Medications and Billing tables provides a patient denominator that closely resembles the 
CPCSSN as well as the general Canadian population. However, given the variations in the 
research objectives for which CPCSSN data are used, a data user should be mindful of the 
patient populations captured under different denominator definitions. 



Page 11 of 36 
 

Table 1. Advantages and disadvantages of the different denominator definitions for CPCSSN 
 

Denominator 
Definition 

Advantages Disadvantages 

By CPCSSN Table 

All tables   • Captures 100% of patients in 
the CPCSSN database  

• A more complex process for 
users who are not familiar 
with CPCSSN data 

Encounter, 
Encounter 
Diagnosis, 
Medications 
and Billing 
tables only 

• A simpler method than using 
all tables 

• Captures at least 98% of all 
patients  

• Excludes ~2% of all 
CPCSSN patients; 
characteristics in the 
excluded cohort may be 
related to EMR system and 
network, potentially 
introducing selection bias in 
network-level analyses  

By Contact Year Period 

5YCG • Ideal when examining rare 
conditions, as a larger 
sample can be generated  

• Captures more patients who 
may not have recently 
visited the practice  

• Lower disease prevalences 
than other YCGs  

2- or 3YCG • Has a more balanced female 
to male sex ratio and median 
age when compared to the 
total patients in CPCSSN  

• Generally representative of 
the Canadian population (as 
compared to the census) 

• Represents patients who 
likely have more recent 
visits to the practice 

• Excludes ~40% of the total 
patients within the CPCSSN 
database 

1YCG • Represents the most current 
visits and recent patients 

• A higher degree of deviation 
from the CPCSSN and 
general Canadian 
populations in terms of age 
and sex 

• Higher disease prevalences 
are observed  
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Figure 1. The proportion of patients with information in four main CPCSSN tables by regional 
practice-based research network (EncounterDiagnosis table is represented by “Diagnosis”). 
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Figure 2. The proportion of patients with information in four main CPCSSN tables by EMR 
system (EncounterDiagnosis table is represented by “Diagnosis”). 
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Figure 3. The proportion of patients captured within various tables by EMR for different time periods. 
 

A) At least one contact within one year (1YCG) 

 

B) At least one contact within two years (2YCG) 

 
C) At least one contact within three years (3YCG) 

 

D) At least one contact within five years (5YCG) 
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Figure 4. Comparison of the difference in median age (42 years) captured by tables in the 
CPCSSN database by regional networks within various time periods.   
 

A) At least one contact within one year (1YCG) 

 

B) At least one contact within two years (2YCG) 

 
C) At least one contact within three years (3YCG) 

 

D) At least one contact within five years (5YCG) 
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Figure 5. Comparison of the difference in the proportion of females (54.3%) captured by tables 
in the CPCSSN database by the regional network within various time periods. 
 

A) At least one contact within one year (1YCG) 

 

B) At least one contact within two years (2YCG) 

 
C) At least one contact within three years (3YCG) 

 
 

D) At least one contact within five years (5YCG) 
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Figure 6. Comparison of the difference in the proportion of urban patients (85.2%) captured in 
four CPCSSN data tables by network based on different patient visit timeframes. 
 

A) At least one contact within one year (1YCG) 

 
 

B) At least one contact within two years (2YCG) 

 
 

C) At least one contact within three years (3YCG) 

 
 

D) At least one contact within five years (5YCG) 
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Figure 7. Prevalence of select conditions based on different patient denominators at 1, 2, 3, and 
5-year contact groups, including data from CPCSSN Billing, Encounter, EncounterDiagnosis, 
and Medication tables.  
 

 
Abbreviations: Dep = depression; HTN = hypertension; HZ = herpes zoster; Asthma = pediatric 
asthma; CKD = chronic kidney disease; DM = diabetes mellitus; YCG = yearly contact group 
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Figure 8. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Canada.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page 20 of 36 
 

Figure 9. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Alberta (AB). 
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Figure 10. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for British 
Columbia (BC). 
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Figure 11. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Manitoba (MB). 
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Figure 12. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Newfoundland (NL). 
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Figure 13. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for Nova 
Scotia (NS). 
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Figure 14. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Ontario (ON). 
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Figure 15. The age-sex distribution of CPCSSN patients based on different denominator 
definitions compared to the age-sex distribution of the reference standard, census data for 
Quebec (QC). 
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Supplementary Table 1: Data extraction table of results from the literature search. 
 

Network Description   Author 
Year 
Country   

Purpose  How was the denominator calculated  

Netherlands Information Network on 
General Practices (LINH) 
 
● A database containing EMRs with 

information on consultations, 
morbidity, prescriptions from 
participating general practices 

de Borst, Nielen et al. 
(de Borst et al., 2011)  
2011 
Netherlands  

The purpose of this study was to 
evaluate the impact of a screening 
program on the number of 
consultations and diagnoses related 
to kidney disease within general 
practitioners  

● Within the health care system in the Netherlands, all citizens are 
required to register with a general practitioner 

● As such, the LINH database will have a record of all registered 
population 

● The authors used all patient records within the registry as their 
population denominator 

● LINH database contains a representative sample of General 
Practitioners compared to the whole population and therefore, the 
sample of patients would also be representative of the wider 
population 

 
Nivel Primary Care Database   
 
● A research network aimed at 

conducting evaluations to improve the 
delivery of primary health care and 
services in the Netherlands  

 

Maarsingh, Dros et al. 
(Maarsingh et al., 2010) 
2010 
Netherlands  

This study aimed to estimate the 
prevalence and incidence of 
dizziness reported by elderly 
patients consulting primary 
practitioners  

● The mid-year population during the period of interest within 
the Nivel database was used as the denominator 

● The authors mentioned an exception of institutionalized 
individuals and illegal immigrants as the ones missing from the 
database 

● Only the elderly patients (>= 65 years) were used in the study 
population  
 

 Spronk, Korevaar et al.  
(Spronk et al., 2019) 
2019 
Netherlands  

The purpose of this study was to 
investigate common definitions of 
prevalence and incidence rates as 
they are used within practice-based 
data  

● Those who are registered within Nivel is a true representation of 
the population at risk 

● This was used as the PP denominator for the study  
● The population in the Netherlands is required to be registered with 

a general practice regardless of if they access it or not 
 

Intego 
 
● A research network that uses EMR 

data from participating general 
practitioners  

Bartholomeeusen, Kim 
et al. 
(Bartholomeeusen et 
al., 2005)  
2005 
Belgium  

The authors were determining a 
method to estimate a reliable 
denominate when information 
about all patient population is 
missing in a database  

The main method used here was to estimate a PP  
● The main source of data was the YCG from the Intego Research 

Network 
● A secondary source of information was used from the National 

Reimbursement Claims in the Intermutualistic Data Agency on all 
reimbursed claims  

● The authors determined a correction factor, the proportion of 
reimbursed claims from all registered population for a given time 
frame stratified by age, sex, residence and socio-economic status  

● YCG divided by the Correction Factor was the estimated stratum 
specific PP  

 Van den Bruel, 
Bartholomeeusen et al.  

This study was conducted to 
determine the age-specific 

● The authors used the YCG and estimated PP described in 
Bartholomeeusen et al, 2005 as the study denominators 
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(Van den Bruel et al., 
2006) 
2006 
Belgium   
 

incidences of serious infections in 
children  

● The use of YCG in this study was justified by authors due to the 
inaccuracy of the PP estimates within the pediatric population  

 

 Truyers, Goderis et al.  
(Truyers et al., 2014) 
2014 
Belgium  

The focus of this paper was to 
describe the methods used in the 
Intego Network  

● Intego database determines their denominator through the  
i. YCG; or by estimating a 

ii. PP  
● The PP is estimated by using the information of health insurance 

reimbursements for a given year and total insured population and 
by calculating a yearly correction factor 

 van den Akker, Vaes et 
al.  
(van den Akker et al., 
2019) 
2019 
Belgium  
 

The purpose of this paper was to 
determine the prevalence of 
multimorbidity and polypharmacy 
in the research population and 
describe these trends  
 

● The denominator used for this study was the PP estimated using 
YCG in the Intego database during the study period  

BIFAP 
 
● A database for 

pharmacoepidemiological research in 
primary care 

 
Other Databases:  

i. The German database of the 
National Association of Statutory 
Health Insurance Physicians of 
Bavaria 

ii. National Institute for Health Data 
and Disease Control 

iii. The Clinical Practise Research 
Datalink 

iv. The Health Improvement 
Network 

v. Netherlands Primary Care 
Research Database 

vi. Almere Health Care group  
 

Abbing-Karahagopian, 
Huerta et al. 
(Abbing-Karahagopian 
et al., 2014) 
2014 
Spain  

The purpose of this study was to 
describe the variations in the 
prevalence of prescribing of 
antidepressant across different 
regions of Europe  

● All patient records from the databases were used as the 
denominator 

● No adjustments were conducted 
● The authors used person-year methods to calculate the 

denominator rather than count-methods to adjust for different ways 
different networks collect and record their data 
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Farm@rid 
 
● Pharmacy billing records for the 

region of Madrid 
 

de Hoyos-Alonso, 
Bonis et al.  
(de Hoyos-Alonso et 
al., 2016) 
2016 
Spain 
 

The purpose of the paper was to 
estimate the prevalence of 
dementia in the Madrid region in 
2011  

● The denominator was all those who had a record of at least one 
day of follow up in the BIFAP database in the given study year 
adjusted for the zero-contact group using billing data from 
Farm@rid   

Quality and Outcome Framework (QOF) 
 
● A framework that collects and 

analyses data, established to reward 
general practitioners for the quality of 
care they provide for their patients  

 
National Statistic Postcode Directory 
(NSPD) 
 

Honeyford, Baker et al.  
(Honeyford et al., 2014) 
2014 
England  

The main objective of the authors 
was to determine how QOF data 
could be used to estimate the 
prevalence measures for smoking  

● The denominator used for this study was everyone with a record 
in the population of practice during the period of interest and 
were 15 years or older  

● Those with the initial record three months before the extraction and 
those who did not provide a smoking status were excluded  

Clinical Practice Research Datalink 
(CPRD) 
 
● A network of participating researchers 

and physicians conducting studies to 
improve the health care delivery 
within primary care using EMR data  
 

Rassen, Bartels et al.  
(Rassen et al., 2019) 
2019 
England  

The purpose of this study was to 
investigate different approaches to 
estimating the prevalence and 
incidences of chronic diseases 
when using administrative EHR 
data for research purposes  

● Using the patient population only within the period of interest 
was mentioned as a better approach when compared to using the 
whole patient population for all periods as the denominator to 
reduce selection bias 

● No significant variations existed between the different periods of 
interest used (ie: Initial day of study vs. whole study period)  

 

Canadian Primary Care Sentinel 
Surveillance Network (CPCSSN)  
 
● Primary care-based research network 

that collects, cleans and store nation-
wide EMRs from participating 
clinicians to be used in 
epidemiological and public health 
research related to chronic diseases  

 

Greiver, Williamson et 
al.  
(Greiver et al., 2013) 
2013 
Canada 

The purpose of this study was to 
determine and validate a suitable 
method to estimate the practice 
denominator for CPCSSN 
applicable to all participating 
PBRNs  

● A reference practice population was determined through the 
2009-2010 CCHS data containing information about the proportion 
of the population that visited a primary care practitioner at least 
once for the survey year   

● The yearly contact group for EMR data were obtained from the 
CPCSSN database containing the number of patients that visited 
the participating primary care practices at least once for a given 
year adjusted for utilization factors stratified by age and gender  

● The ratio of a corrected yearly contact group to an EMR yearly 
contact group was used to validate the method 
 

No Network Data  
 
● Researchers affiliated with the 

Massachusetts General Hospital  

Lasko, Atlas et al.  
(Lasko et al., 2006) 
2006 
USA 

The purpose of this study was to 
develop and validate a method to 
determine the practice population 
of a given primary care physician 
or a clinic  

● Statistical model using the Averaged One-Dependence 
Estimator algorithm was used to predict if a patient belonged to a 
primary care physician 

● The reference standards for primary care physician designation 
were developed based on the opinion of the physician 
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HMORN - Virtual Data Warehouse (VDW) 
 
● Contains administrative, clinical and 

claims data   

Haller, Hitz et al.  
(Haller et al., 2013) 
2013 
USA 

The main purpose of this study was 
to estimate an enrollment proxy for 
member organizations of the 
research network that does not 
have complete information on 
health plan registrations  

● Information about enrollment with a health plan was used as the 
population denominator when this information was available  

● When health plan enrollment information was not available, they 
created a base table using information using EHRs to create a 
utilization-based enrollment proxy for those with information on 
health enrollment and compared this enrollment-proxy using age, 
sex, place of residence, race and socio-economic measures to those 
with no information on the registration to health plans 

 
Discuss all databases using EHR data in 
general  

Casey, Schwartz et al.  
(Casey et al., 2016) 
2016  
NA 

The purpose of this paper was to 
describe how EHR data are used in 
epidemiological studies  

● This was a discussion paper and no denominator was calculated 
● The authors suggested that the denominator could be adjusted for 

age, sex, race/ethnicity and other characteristics of the patient 
population 

● Information from the census could be used to determine the 
representativeness of the EHR data according to the authors  
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Supplementary Table 2. Description of network, EMR and demographics for patients not 
captured in the four main CPCSSN tables (Billing, Encounter, Encounter Diagnosis, 
Medication). 
 
 Percentage (%) 
CPCSSN Network 

1 29.7 
2 1.1 
4 3.1 
5 6.9 
6 0.05 
7 0.4 
8 1.8 
9 0.23 
10 47.1 
11 9.7 
12 0.04 

EMR Name 
Accuro 2.1 
InputHealth 0.9 
Intrahealth 44.4 
Med Access 29.6 
Medesync 0.05 
OSCAR 11.1 
P&P 0.01 
Practice Solutions 9.0 
Wolf 2.7 

CPCSSN Table 
All patients have data in at least two of these tables* 

Allergy Intolerance 7.6 
Exam 10.2 
Family History 7.2 
Health Condition 24.7 
Lab 10.0 
Medical Procedures 3.9 
Referral 22.4 
Risk Factor 52.8 
Vaccine 7.3 

Sex Ratio 
Female 49.1 
Male 44.7 
Unknown 6.2 

Residence 
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Rural 6.9 
Urban 93.1 

Median Age = 49 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page 33 of 36 
 

Supplementary Table 3. Who may be excluded from provincial/territorial health care systems? 
 

Population  Est. # in Canada 
(Year) Source 

First Nations people living on 
reserves 

329,226  
(2016) Statistics Canada (2017) 

Inuit 65,025 
(2016) Statistics Canada (2018) 

Serving members of the 
Canadian Forces 

67,492 Active personnel + 
36,381 Reserve personnel 
(2020) 

Jackson and Lao (2020) 

Eligible veterans 629,300 (total # veterans in 
Can) (2020) 

Chief Financial Officer and 
Corporate Services Branch 
(2020) 

Inmates in federal 
penitentiaries 

14,129 
(2017/18) Statistics Canada (2021) 

Some groups of refugee 
claimants 

55,023 (total # asylum 
claimants) 
(2018) 

Statistics Canada (2019) 

TOTAL POTENTIAL 
EXCLUSION ESTIMATES 

1,174,803  
(~3% of Canada’s total population) 

TOTAL POPULATION OF 
CANADA, 2020 38,005,238 
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